This paper investigates episodes of real exchange rate appreciations and depreciations for a sample of 85 countries, from 1960 to 1998. The equilibrium real exchange rate series are constructed by estimating cointegration vectors with fundamentals, and departures from it are obtained. A Markov Switching Model is used to characterize the misalignments series as stochastic autoregressive processes governed by two states corresponding to different means and variances. Three are the main findings: first, some countries present no evidence of distinct regimes for misalignment; second, for some countries, there is no RER misalignment in one the regimes; and, third, for those countries with two misalignment regimes, the appreciated regime have higher persistence than the depreciated one.
Introduction
The purchasing power parity (PPP) hypothesis, in its original formulation, states that the price levels of two countries should be equal when measured in the same currency. It is an old idea in economics, but the expression was coined only in 1918 by Gustav Cassel. As Cassel (1918) puts it, "(a)s long as anything like free movement of merchandise and a somewhat comprehensive trade between the two countries takes place, the actual rate of exchange cannot deviate very much from this purchasing power parity [which is defined as the ratio between the price levels of two countries]."
1 In its relative version, PPP theory asserts that exchange rate variations should match changes in relative price levels. The empirical implication of the theory is that the real exchange rate series, defined as the ratio between international prices measured in domestic currency and domestic prices, should be stationary.
Although some variant of PPP has been a building block for modeling exchange rates behavior in the long-run, empirical evidence on its validity is, at best, controversial (see Froot and Rogoff, 1995 , Rogoff, 1996 , Sarno and Taylor, 2002 , and Taylor and Taylor, 2004 . PPP does not seem to hold in the short-run at all, which fits assessments by economists that it should not hold continuously. As to the long run, empirical evidence shows very low real exchange rate convergence speed. The literature finds half-lives of three to five year in studies using long time spans (Frankel, 1986 and 1990 , Mark, 1995 , Lothian and Taylor, 1996 and using panel data (Frankel and Rose, 1996 , Oh, 1996 , Wu, 1996 , Wu and Wu, 2001 , and Lothian 1997 . More recent studies exploring nonlinearities (Obstfeld and Taylor, 1997 , Taylor, Peel and Sarno, 2001 , Taylor and Peel, 2000 , and Juvenal and Taylor, 2008 and heterogeneity (Crucini and Shintany, 2008, Imbs et al., 2005) were able to uncover higher speeds of exchange rate convergence to PPP. Recent developments on this literature have also explored the impact on real exchange rate dynamics of endogenous tradability (Naknoi, 2008) and dual inflation (Világi, 2007) .
Despite the recent controversy regarding the real exchange rate (RER) speed of convergence, there is consensus in the literature that the exchange rate departs from its PPP level for long periods of time. In 1 See Officer (1976) for a very nice description of the origins of the PPP theory.
this paper we are interested in the behavior of the deviations from PPP themselves. More specifically, we want to investigate whether the RER alternates periods of appreciation with periods of depreciation, as well as establishing the duration of such episodes. Our work builds on Goldfajn and Valdés (1999) , who study the pattern of appreciation episodes.
Transportation costs and barriers to trade may prevent a complete international arbitrage of prices and produce RER departures from its PPP level, as recognized early on by Cassel (1922) . In the extreme case of nontradable goods, there is no international price arbitrage at all. Price indices used to compute RERs always include some fraction of nontradable goods, so that part of the observed RER changes reflects shifts in relative prices of nontradables. We are interested on the portion of RER variation related to relative prices of tradable goods. To capture it, we estimate RER misalignments, defined as the difference between the observed RER and its estimated equilibrium value. Equilibrium RERs are estimated by cointegrating RER with fundamentals, which are variables that affect the relative prices of trabable and nontrabable goods.
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A Markov Switching Model (MSM) is then used to model RER misalignments as a stochastic autoregressive process governed by two states with different means and variances. This econometric characterization estimates the mean and the variance of the misalignment under each regime, as well as the probability of transition between regimes. If a MSM has a better fit on misalignments than an autoregressive model, the straightforward interpretation is that appreciations or depreciations episodes were observed in that country, and, with the estimated transition probabilities, we can infer the probability the economy is in each regime at each point in time. Goldfajn and Valdés (1999) -GV, hereafter -study appreciation episodes through a statistical procedure.
GV assumes that RER reverts to a time-varying long-run equilibrium value and they are especially concerned about how real appreciations revert to the equilibrium level. They estimate a long-run 2 We are aware that different consumer preferences and production patterns across countries may also prevent the RER from achieving the PPP level, even if prices are perfectly arbitraged by international trade. The RER misalignment we compute do not control for this source of PPP failure though. relationship among RER and economic fundamentals using cointegration techniques and then construct a overvaluation series, comparing the observed RER and the predicted value obtained from the cointegration relationship. They identify an appreciation episode as a period in which the RER misalignment is above a pre-established level defined as threshold for appreciation episodes (e.g., 15 percent or 25 percent). The appreciation ends when this difference hits a second threshold (5 percent) associated with the existence of no appreciation. The number and dynamics of appreciations are studied for alternative thresholds, using a statistical framework. As expected, the number of appreciations is negatively related to the value of the chosen threshold.
An important disadvantage of that approach is that the threshold used to identify appreciations is arbitrary. Moreover, the threshold used to classify appreciation episodes is the same for all countries, without taking into account the particular behavior of each exchange rate series.
In this paper, we characterize both real appreciation and depreciation episodes using a methodology, the MSM, that do not rely on the researcher's discretion to decide whether a departure from equilibrium RER is large enough to be considered a meaningful economic episode (that is, a real appreciation and depreciation).
There are a few studies that use the MSM to model exchange rate behavior. Engel and Hamilton (1990) develop a regime-switching model to capture the long swings on the dollar nominal exchange rate and show that it has a better predictive performance than a simple random walk model. Kaminsky (1993) models the dollar behavior with a MSM in order to identify the peso-problem. Martinez-Peria (2002) , particularly interested on exchange market pressure, models the mechanics of swings from tranquil to speculative attack regimes (and vice-versa) . Bonomo and Terra (1999) , focusing on the political economy of exchange rate policy in Brazil, use a MSM to identify whether real exchange rate misalignments have different regimes, and investigate the political factors that may influence the shifts from one regime to another.
Our main findings are the following. In the first place, for some countries we find no evidence that RER misalignments follow more than one regime, that is, the exchange rate behavior in those countries present neither appreciation nor depreciation episodes. Second, for some we states that can be understood as appreciation and depreciation states, that can be followed -or not -by sudden reversals.
Third, our results suggest that the use of a unique RER misalignment threshold for all countries to classify appreciation episodes, as done in GV, is not adequate. We find alternative regimes for some of the countries for which GV did not detect any appreciation episode, that is, whose departures from the equilibrium RER are not large enough according to GV's metric. In our methodology, the threshold that determines episodes of appreciation/depreciation is endogenously determined and takes into consideration the series behavior across time.
Finally, evidence of a different RER behavior under different regimes is found. Appreciated regimes are reported as having higher persistence than depreciated ones.
In the MSM model, the current state of the underlying series is unknown and statistical inference about the likelihood of being on a specific state can be made at each point of time. Hence, it is also possible to markedly establish starting and ending points for real appreciation and depreciation episodes. A comparison between both methods, MSM and GV, is made for the whole set of countries and some remarkable differences appear. Both the number and average duration of misalignments episodes are higher than those figures calculated by GV. This paper is organized as follows. The next section presents the estimation of the RER misalignments.
The third section uses the misalignments estimates as inputs to a two-state Markov Switching Model. The final section concludes.
Real exchange rate misalignments estimation
We are interested in studying RER departures from PPP level. Ideally, we would like to measure RER through price indices composed exclusively of tradable goods, showing identical goods compositions. In practice, however, this is not possible. On the one hand, the composition of price indices with exclusively tradable goods, such as the export unit value index, differs significantly across countries. On the other hand, price indices that show less marked diversity in goods composition, such as the consumer and the wholesale price indices, contain a fraction of nontradable goods that is not negligible.
Wholesale price indices (WPIs) are a good compromise between these two features: with a smaller share of nontradable goods than consumer price indices, their composition is more homogeneous across countries when compared to export unit values or producer price indices. Indeed, in a study on PPP that compares the performance of different price indices, Terra and Vahia (2008) find that WPI is the index for which PPP evidence is found for a larger number of countries. Terra and Vahia (2008) also employed export unit values, value added deflators, unit labor costs, normalized unit labor costs and the consumer price index.
Hence, we use WPIs to compute effective RERs defined as:
where is the WPI is country r period t, is the nominal exchange rate between countries r and s, and is the share of country s in country's r total trade.
For our set of 85 countries, we use WPIs whenever possible, in terms of availability or reliability, to construct the RER series. Otherwise, they are replaced with CPIs. We obtained average monthly nominal exchange rates and price indices mainly from the IMF's International Financial Statistics (IFS), covering a period ranging from January 1960 through December 1998. All series were graphically examined in order to avoid data glitches. As in GV, we employed interpolation to fill in missing values whenever price indexes exhibited lacking data for short periods of time. To compute effective RER from equation (1), we consider only trade partners with trade shares over than 4%. We calculated effective real exchange rates using constant weights taken from Goldfajn and Valdes (1996) . and PEERs (permanent EERs), whose description can be found in MacDonald (2000) and Driver and Westaway (2005) . The models differ basically on the exchange rate definition they use, the time frame they envisage, and the way they model the dynamics.
We are interested in RER changes, which rules out CHEERs and ITMEERs since they focus on nominal exchange rates estimations. Nor are FEERs and DEERs adequate for our case since they do not estimate equilibrium RER directly. They concentrate on estimating either complete macroeconomic models or simply current accounts, resulting in RER consistent with medium term equilibria. APEERs and PEERs do focus on RER, but they are concerned with medium to long run equilibrium values. We would like to control for RER variations caused by actual changes in relative prices of nontradables, hence we are not interested on their long run equilibrium values.
The equilibrium RER estimate adopted in Goldfajn and Valdés (1999) is in the spirit of BEERs, and we will adopt the same approach in this paper. BEERs estimations focus on effective real exchange rates, using interest rate differentials and economic fundamentals as explanatory variables. Theoretically, this is based on the uncovered interest parity condition, where economic fundamentals are used to control for expectations of RER changes.
The method used by Goldfajn and Valdés (1999) It is important to emphasize once more that here we are not focusing on the relative price of tradables and nontradables. We are concerned with relative price levels across countries, ideally comprised of tradable goods only. However, results from empirical literature, as already discussed above, show that there are no price indices perfectly arbitraged across countries. For that reason, we seek economic variables to control for their nontradable component.
to the framework in Edwards (1989) , as well the characteristics of the data used as proxies to these economic factors.
Terms of Trade (TOT):
The usual simplification that all countries produce the same varieties of tradable goods is not reasonable in practice. In fact, the goods composition of a country's exports usually differs from the composition of its imports. Obstfeld and Rogoff (1996) point out that the terms of trade, i.e., the relative price of exports to imports, is one of the main channels for the global transmission of macroeconomic shocks. The impact of TOT changes over RER is associated to adjustments on nontradables prices due to demand shifts. Following Diaz-Alejandro's (1982) long-established approach, a (permanent) negative TOT shock causes a drop in real income which, in turn, lowers nontradables prices, resulting in RER depreciation. 4 Our main source for TOT data is the World Bank's World Development Report, completed with IFS exports and imports prices when necessary. Since the data is available in an annual basis, we follow GV and convert it to monthly data, that is, the yearly data was linearly interpolated using June as the basis month.
Openness (OPEN):
This variable is, to some extent, a measure that indicates the degree to which the country is affected by the international environment, since it stands for how closely it is connected to the rest of the world. Following GV, openness is proxied by the sum of exports and imports over GDP. We are aware that openness thus measured is not a good proxy for trade liberalization in a cross country comparison. Other domestic variables unrelated to trade liberalization, such as size and geography, may have a large influence in the differences in openness across countries. However, since such variables do not change significantly over time, it is a reasonable proxy for the case of a single country on the time series dimension. Changes in the GDP ratio of the sum of imports and exports over time in a country should be indeed related to variations in exposure to the international goods markets. As the cointegration 4 We assume this line of reasoning in the subsequent analyses, even though an opposite result can be reached, depending on whether income or substitution effects prevail (for details, see Edwards, 1989, pages 38 and 39) . with the fundamentals is computed for each country separately, it only captures the time series dimension within each country.
An increase in openness should cause RER depreciation. Trade liberalization reduces the domestic prices of tradables causing a demand shift away from nontraded goods. Under some fairly reasonable cross price elasticities assumptions, nontradables prices should fall, producing a real depreciation.
Size of Government (GOV):
A permanent change in the size of government affects RER whenever it triggers demand swings from tradables to nontradables. Countries where the share of government spending on nontradable goods is relative higher than that of private spending should experience equilibrium RER appreciations to follow an increase in the size of government. If government spending lies more heavily on tradable goods, as for instance, in the case of military expenses, then the opposite is true: more government spending would produce RER depreciations.
We use Openness and Real Government share of GDP from the Penn World Tables (PWT 5.0 and 6.0).
GV had to combine PWT and World Bank data for those variables, as PWT 6.0 was not available at the time.
Note that we also obtained monthly terms of trade, government consumption and the degree of openness through linear interpolation of yearly data. We are aware that these three variables do not necessarily follow steady monthly growth rates; nevertheless we believe that this should not impair our empirical analysis. Firstly, if the within year swings for these fundamentals were perfectly symmetric, they would have no impact on the estimated coefficients, nor on the misalignment measures. Hence, if the variables' growth rate within a year is not too asymmetric, errors in misalignment estimation should not be large.
Secondly, even if some countries undergo larger shocks for short periods, of say, a couple of years, estimated coefficients should not be much affected since we are covering a period of 38 years. Finally, the different regimes captured by the MSM do not present within year cycles. Therefore, possible errors from the linear interpolation do not seem to affect the identification of RER regimes, which is the ultimate goal of this study.
International Interest Rate (TBAA3M):
Lower international interest rates strengthen capital flows and thus generate RER appreciation in small open economies. One should note that capital flows respond to the differentials between international and domestic interest rates. To use the international rate only is not the most appropriate choice, since domestic rates may change over time. Nevertheless, we chose to follow GV, and we use simply the US 3-Month Treasury Bill as international interest rate.
GV's method relies on the implicit assumption that RER can be decomposed into a permanent component, that is, a nonstationary I(1) series, and a second element that has stationary behavior. The integrated component represents those changes in RER that do not vanish over time, namely, changes in RER equilibrium, which is explained by the fundamentals. The I(0) elements are the short-run misalignments that disappear over time.
Following GV, we also applied the two-step cointegrating relationship estimation procedures proposed by Hargreaves (1994) . The first step consists in testing for the existence of cointegration among the effective RER and the fundamentals series for each country separately. Firstly, all series (RER and fundamentals) were tested for the presence of unit roots using Augmented Dickey-Fuller techniques. We subsequently apply the Johansen (1988) test to look for cointegration among RER and fundamentals. If results establish the existence of at least one cointegrating relationship, we perform an univariate estimation method to estimate the cointegrating relationship.
The Hargreaves (1994) procedure has two main advantages. Firstly, it allows us to test, through the Johansen framework, which variables should be considered in the cointegrating vectors. Moreover, the estimation of a single cointegration relationship prevents a common problem that arises when dealing with multivariate estimation. It is often the case that, when more than one cointegration relationship is identified, the signs of the elements of the alternative cointegration vectors are opposite, meaning that those variables may have distinct long-run relationships. This question is bypassed using a singleequation methodology to estimate the cointegration relationship, once cointegration has been determined using Johansen framework.
There are a number of different estimation techniques available to estimate cointegration vectors using univariate methods: OLS, Dynamic OLS, Fully Modified OLS or ADL methods. GV use a dynamic OLS, considering that "Stock-Watson approach is preferable to simple OLS estimation because it allows for possibly endogenous fundamentals and corrects for serial correlation of the residuals" (GV, p. 234). We choose OLS estimation that yields a superconsistent estimator under the null hypothesis of cointegration (Hamilton, 1994, p. 587). 5 In sum, to compute the equilibrium RER we estimate the following equation:
for each country r separately. The estimated coefficients for the fundamentals are presented in Table 1 .
They show that more appreciated exchange rates are associated with lower international interest rates for 82% of the countries, higher government spending for 81%, lower openness for 58%, and positive terms of trade shock for 60% of them.
Once a cointegrating vector has been found, an equilibrium RER series is constructed by applying the cointegrating vector to the fundamentals series. At each point in time, the RER misalignment is calculated as the difference between the observed RER and its predicted equilibrium value, that is, we compute:
The use of alternative estimation techniques yields estimation uncertainties, which is one of the uncertainties currently acknowledged in estimating real equilibrium exchange rates. Other uncertainties are related to model uncertainty, that is, to the set of fundamentals employed to derive the equilibrium exchange rate; and uncertainty related to the use of time series vs. panels of different sizes. We thank an anonymous referee for this point.
where is the predicted RER value from equation (2). We then use MSM to study the dynamics of the RER misalignment .
Misalignments and MSM
A preliminary assessment of misalignment dynamics indicates that it can be characterized as a stochastic process with substantial degree of persistence. In fact, for many countries studied, misalignments seem to be up for long swings, that is, to move in one direction for long periods of time. Additionally, these movements are frequently succeeded by sudden shifts in values in the opposite direction. This stylized fact is in harmony with GV's observed RER inertia when outside its equilibrium path. Besides, it seems to be coherent with the low probability of smooth returns of appreciation episodes.
The long swings followed by sudden reversals suggest the Markov Switching Model as a suitable description for the RER misalignment path. The MSM deals with settings in which discrete shifts in regime are possible, that is, the existence of "episodes across which the dynamic behavior of the series is markedly different." (Hamilton, 1989, p.358) . Additionally, we do not need to have any previous knowledge of which regime is governing the stochastic process at each point in time. In fact, this becomes a probabilistic inference problem in which every observation is assigned a probability of being originated from a specific regime.
We want to identify whether distinct regimes for RER misalignments exist. At first, we presumed that overvalued and undervalued states will arise. The estimation may either confirm the existence of two misalignment states, or it may show that only one regime is the best description for the misalignment, that is, that an autoregressive process fits the available data better.
As previously mentioned, a straightforward advantage of this model is that it endogenously determines the existence of alternative regimes. This is particularly relevant if we take into consideration that the level of misalignment that may exert an effect on economic outcomes may be quite different on a country by country basis. Depending on alternative social and economic structures -such as institutions or exchange rate arrangements, for example -the same level of departure from the equilibrium RER may or may not be considered a relevant economic episode (a real appreciation or depreciation). Indeed, it is reasonable to suspect that appreciations and depreciations may be characterized by distinct distances from the equilibrium RER. These questions are examined here.
The MSM model and its empirical implementation to RER misalignments are presented in the next subsection. This is followed the presentation of the results, with comparisons with those from GV.
Markov Switching Model implementation
The RER misalignment is modeled as following an auto-regressive stochastic process ruled by alternative states which have different means and variances. We employed a Markov Switching Model to characterize the process, and it may be described as follows:
where is the RER misalignment, { } is a sequence of i.i.d. N(0,1) random shocks, and is an unobserved variable governing both the mean term μ and the variance σ. The variable is usually referred to as a state variable because it defines the regime of the stochastic variable at time t. Basically, the stochastic process is an autoregressive process that fluctuates around two different means, with two different variances. Hence, the dynamics of the stochastic process is defined by the interaction of the autoregressive coefficient , the Gaussian innovations , and the states .
The variable is modeled as a discrete-value stochastic process that can assume distinct values and we admit only two possible states, henceforth labeled states one (depreciated) and two (appreciated).
Consequently, the actual misalignment series may have observations that can come from alternative stochastic processes with two different means and possibly also different variances. As usual, is modeled as a first-order Markov process in which the probability distribution of the current state depends only on the state of the stochastic variable in the immediately preceding period.
Let be the sample path of the Markov process described above. A transition probability matrix can be defined by:
where is the probability that the economy will remain in state i next period, defined as .
The transition probabilities, written as logistic functions from parameters , are time invariant. Our main focus in this paper is on the probability of being, in a given point of time, in a specific regime (with a higher or lower mean).
The model is estimated using maximum likelihood. Sample misalignments are assumed to follow a stochastic process characterized as a Gaussian i.i.d. mixture that depends on the unobserved sample path state variable. Therefore, density, conditional on has a normal distribution:
for , , a vector of population parameters and i = 1,2. It is important to remember that the normality assumption regards the conditional rather the unconditional distribution of misalignments. The actual misalignment series are supposed gaussian mixtures and may have completely different theoretical/empirical distributions. In fact, Jarque-Bera tests were applied for each sequence and the null hypothesis was not rejected for only 9 of the 85 countries sampled.
The estimation problem reduces to finding a set of parameters that maximizes the log likelihood function subject to the usual constraints on transition probabilities. Once a set of parameter estimates has been found, a sequence of estimates for the (constant) transition probabilities is also available. Such estimates can be used to form filtered probabilities which assess the likelihood of the states at each point in time. 
Results
MSM estimation relies basically on an EM algorithm developed in Hamilton (1989) to maximize the log likelihood in order to avoid the computational intractability issue. Although this algorithm is considered a well-established, robust and stable procedure, there are a few details to be considered on its implementation.
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Diebold, Lee and Weinbach (1994) recall that, as usually noted in the literature, "EM algorithm gets close to the likelihood maximum very quickly, but then takes more iterations to reach convergence" (p. 296).
The number of iterations might be closely associated with the shape of the maximum likelihood function.
We found a flat region neighboring the estimated maximum for several of the series under investigation.
Also, whenever convergence is achieved, since we obtain the solution numerically rather than analytically, the resulting maximum likelihood parameter estimates have to be considered, in principle, a local maximum. Alternative start up parameters were tested to check whether those estimates can be considered a global maximum.
After the MSM has been properly estimated, it is necessary to test if misalignments are more likely to have been originated from a random mixture distribution (that is, two regimes) rather than from a standard AR(1) stochastic processes. Hamilton (1994) warns that usual LR tests used to verify misspecification are not appropriate in this context because LR tests regularity conditions may not be attained. The null hypothesis that describes the state is not identified when the researcher tries to fit a N-state model when the data generating process has 1 states (in our case, a plain AR(1) model).
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Alternatively, smoothed probabilities which also take into consideration the information available in the succeding periods (t, t+1, t+2,..., T) can be calculated. Since they use the whole set of data available for each country, they are expected to be more accurate and hence provide better inferences on the state realized at each point of time. Garcia (1998) derives asymptotic statistics of the LR tests for a variety of Markov switching models using the asymptotic distribution theory employed when a nuisance parameter is not identified under the null hypothesis.
An alternative hypothesis of two regimes was tested against the AR(1) null. The likelihood ratio statistics for each country is reported in Table 2 and the critical values vary with the auto-regressive factor. The null hypothesis of an AR(1), at a 5% confidence level, could not be rejected for 11 of the 85 total sampled countries. They are Bahrain, Bangladesh, Canada, Hong Kong, Liberia, Nepal, Pakistan, Saudi Arabia, Sierra Leone, Singapore and Tunisia. These countries are better characterized by a model AR(1) in which misalignments fluctuate around a constant mean with a specific (perhaps outsize) variance, in opposition to a stochastic process that is the combination of other two processes with different means and possibly different variances. Pakistan misalignments, for example, are usually not very large and are subject to a somewhat high degree of volatility, particularly from 1985 onwards. Although cross-section comparisons are not made here, loosely speaking, these countries seem to share a common characteristic: the departures from RER are usually smaller when compared to the whole set.
For the remaining 74 countries, 10 were best described by regimes that had not only different means but also dissimilar variances, as shown in Table 2 . The relatively small sample is not enough to authorize inferences on whether there is a relation between the second moment of the stochastic process with the first moment of the regimes (i.e., if appreciations are less or more volatile than depreciations). For four countries -Burundi, Central Africa, Denmark and Kuwait -the lower mean regime is also associated with lower volatility. Zaire, Jamaica, Liberia, Mexico and Paraguay illustrates the opposite: lower means are associated with higher volatility when compared to those linked to the higher mean regimes. For El Salvador, however, although likelihood increases when a two-variance model is considered, the difference of the variances is not statistically significant.
As previously mentioned, we are concerned with the plausibility of two means. The two states are expected to take account of RER appreciations vis-à-vis RER depreciations. However, although for many countries this result seems to hold, another outcome is also present: the model identifies a regime with a mean quite close to zero and another in which it is very far from zero. Cameroon, Peru and Rwanda are examples of this pattern. 8 An important task is to identify the state in which the economy is at each point in time, more specifically, to identify overvaluation and undervaluation episodes. GV distinguish overvaluation episodes by exogenously setting a threshold for the misalignment, and whenever the misalignment surpasses this threshold (for instance 15%) for two consecutive months, an overvaluation episode is said to start. The end of an episode is established for the first time when the overvaluation measure returns to a level under or equal to the 5% distance from the equilibrium RER.
In the MSM framework, this task can be accomplished by using the estimated transition probabilities to calculate the probability the economy is in each of the states, which are denoted filtered probabilities.
When the filtered probability of depreciated states, given the available data, is close to 1, there is strong evidence that the misalignment is in a depreciated regime. Conversely, when it is close to 0, there is support for the hypothesis that the observed misalignment comes from a lower mean regime. The inference about whether a misalignment may have been originated from one regime or another can therefore be performed based on these filtered probabilities.
However, a certain degree of arbitrariness is involved here: we must adopt filtered probabilities thresholds. Most empirical applications available in the literature use a 0.50 threshold. When the calculated filtered probability is above this maximum value, the observation is considered to belong from the specific regime. 8 The latter, for instance, has a mean close to zero (μ₂=-1.52) and another considerably higher (μ₁=149.54). Apparently, it is a sign of a particular deviation incident occurred in 1994. For this reason, substantial asymmetries on the mean parameter for the alternative regimes can be verified.
A different approach is adopted here. A higher cutting edge is defined so that the observation is considered a relevant episode. Figure 1 displays a histogram of the depreciated state filtered probabilities encompassing the 85 countries analyzed. It is clear that most of the estimated probabilities are either close to zero or one, and also that movements between the two extremes are fast.
Since 89.6% of the 32,343 filtered probabilities calculated are located within a 0.30 distance from the extremes, this border line was adopted. As a consequence, RER appreciation episodes are defined as those observations with associated appreciation filtered probability higher than 0.70. The same is true for RER depreciations: the limit for filtered probabilities to identify depreciation episodes is also set at 0.70. Note that a filtered probability in a two-state model is the complement of the corresponding alternative filtered probability. For instance, a 0.85 appreciation filtered probability is equivalent to a 15% chance that this particular observation has been originated from the depreciated state. Figure 1 
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The resulting episodes were compared with those observed when GV methodology is applied. Table 3 tabulates, for each country, the number of episodes and average durations. For comparison, the table also presents GV figures. For most of the countries, these indicators are higher than those calculated using GV methodology. In general, appreciated RERs are expected to hold for longer periods, and end with large devaluations.
Figures 2 and 3 provide a visual comparison between the MSM and GV for Belgium and Brazil, respectively. The first two graphs in each figure included display the RER misalignment series and the filtered probability for the depreciated regime. The next two graphs show the appreciation and depreciation episodes using GV methodology. Finally, the last two graphs depict the appreciation and depreciation episodes derived from MSM.
Visual Comparison between MSM and GV -Belgium
Figure 2
For the case of Belgium, in Figure 2 , the GV does not identify any episodes, while the MSM does identify both appreciation and depreciation episodes. As for Brazil, in Figure 3 , the two methods agree in the identification of some of the episodes, but MSM identify episodes that are not recognized by GV.
Differences in the identification of appreciations and depreciations in the first half of the 1960's are noteworthy. This period was characterized by an intense RER volatility due to the increasing inflation and nominal exchange rate devaluations. MSM shows an appreciation episode in the late 1970's not captured by GV framework. Both methodologies agree in the identification of the appreciation episodes in the end of the 1980's, when Brazil was on the verge of hyperinflation, and after 1994, when a stabilization program reduced inflation and a nominal exchange appreciation ocurred.
Visual Comparison between MSM and GV -Brazil
Figure 3
For the other countries, the same patterns described above can be observed. We have included an Appendix presenting figures for selected countries, with some interesting results. Canada is a case similar to Belgium: according to GV there are no episodes and MSM identifies several appreciation and depreciation episodes. For Greece, GV method does not identify any depreciation episodes, while for the MSM the RER is depreciated in most periods. For Turkey, the GV identifies more appreciation episodes than MSM, while the converse is true for depreciation episodes. In the cases of Argentina and New Zealand, GV identifies more episodes than MSM, both appreciated and depreciated. Colombia and Hong Kong are two cases in which there is a disagreement between the two methods. The years around 1980 for Colombia and in the late 1990's for Hong Kong are identified as appreciated periods according to GV, and as depreciation episodes using MSM. GV method identifies many more appreciation episodes than MSM for the United States and for South Africa, and more depreciation episodes for Korea. GV and MSM identify basically the same appreciation episodes for Ethiopia, but the two methods disagree in the identification of RER depreciations. Finally, the identified episodes for Uruguay and for Zaire are very similar using the two methodologies.
It is worth mentioning, however, a negative aspect of using estimated filtered probabilities in order to characterize appreciation and depreciation episodes. We can observe a degree of inertia on filtered probabilities and there are episodes when it is not possible to establish a direct relationship between changes in misalignment and the assigned filtered probabilities.
Nevertheless, we find positive evidence that MSM is an appropriate framework. For some of the countries whose RER misalignments are small using GV metric, the null hypothesis that the series follow an AR(1) cannot be rejected, that is, there is no evidence of either appreciated or depreciated episodes.
However, in many cases the MSM suggests the existence of two regimes with means significantly different. This is precisely the case of Austria, Belgium and Denmark, among others. That is, for many countries that GV methodology did not indicate the occurrence of appreciation or depreciation incidents, the MSM appointed episodes. This again supports the idea that a common threshold for all countries should be avoided.
Conclusions
This paper investigates whether RER misalignments -defined as deviations from its equilibrium valuemay be characterized by a switching regime model in which the RER misalignments fluctuates around two different means, with possibly also different variances. Using a Markov Switching Model governed by two states we are able infer the probability the RER misalignment is in each state at each point in time. Goldfajn and Valdés (1999) have also studied misalignment patterns to investigate RER appreciation episodes. Their methodology relies on a pre-established threshold to identify appreciation episodes, which is common to all countries. That is, appreciation episodes are defined when the misalignment exceeds an ad hoc limit. Nonetheless, it is far from certain whether this common threshold is consistent with different economic structures observed among countries. As a consequence, an endogenously determined limit seems to be more adequate. Additionally, behavioral asymmetries on RER misalignments between regimes may exist since the alternative regimes may present diverse patterns of persistence and volatility.
The most common switching regime model implemented in the empirical literature -two-state MSMwas implemented on RER misalignments for 85 countries. RER misalignments are defined as departures of the RER from its equilibrium value, obtained through estimating a cointegrating relationship between actual RER and a set of economic variables.
The MSM estimation for each country provided both similar and different outcomes when compared to the results available in GV. Firstly, the AR(1) null hypothesis cannot be rejected for some countries in which GV would not signal the existence of either appreciation or depreciation. Conversely, for other countries in the same situation, the null hypothesis is rejected. This result can be understood as evidence that countries do not share the same thresholds from which RER misalignments should be considered relevant economic episodes.
Additionally, for some countries, the model apparently identifies a state in which the RER fluctuates around its equilibrium value for a long interval and another where significant misalignments can be observed. This can be a result of the particular probabilistic structure assumed and suggests the investigation of whether a three-state switching model is a better fit to the available data. Consequently, it is doubtful whether filtered probabilities provide an accurate classification of appreciations/depreciations for those countries.
It is worth mentioning that our findings lend support to the presence of distinct regimes also for the variance for countries with RER misalignments governed by two states. Nevertheless, we are not able to identify a relation between RER volatility and its mean, that is, if depreciated regimes have higher or lower variance than appreciated ones.
In general, as shown by the state transition probabilities, appreciation (lower mean) episodes have higher persistence and thus last longer than depreciations (higher mean). This finding may be consistent with a line of reasoning adopted by GV, when they find that undervaluations are usually less prone to move back to equilibrium by means of smooth returns. A downward rigidity of prices, together with different degrees of tolerance with booms and recessions on the part of policymakers, may cause this asymmetry.
As suggested in GV, it would be interesting to investigate whether the reversion of appreciated and depreciated episodes are led by nominal exchange rate movements or by cumulative differential inflation.
This may shed some light over the mechanism that leads to a higher persistence of appreciation episodes.
Moreover, there are alternative assumptions that may be tested. For example, that the actual real exchange rate fluctuates around the equilibrium value and that there are other states of misalignment, that is, the real exchange rate of a country may fluctuate around its equilibrium value for longer periods and, occasionally, may deviate and remain stable in a misaligned state for a while. The number of such occurrences and whether these states are similar or different is a matter for future empirical estimation.
These questions may be addressed in the future estimating three-state MSM or a Hamilton's model extensions in which time-varying transition probabilities are explained by economic variables. Sarno and Taylor (2002) show that relative PPP holds once a three-regime model is applied to the real exchange rate. A better model fit may enhance the characterization of RER appreciation and depreciation episodes.
Another alternative may be the estimation of non-linear patterns of adjustments, which presumes that the degree of adjustment depends on the distance from equilibrium.
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